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Modtaget 

MASH VISCOSITY REDUCTION k lnn nnM 

APR. 2003 

FIELD OF THE INVENTION p vs 

vi S cJ^ e Jr ,U ° n h ?' ateS * 8 PTOCeSS for P/0dUCing 8 fe ""^tion product wherein the 
viacos.ty of the mash is reduced by application of beta^iucanase and xylanase activity. 

5 BACKGROUND OP THE INVENTION 

int^rT 8 "^ P "? eSSeS f0r a vaSt of products of commercial 

Interest Fem,enteton is used In industry to produce simple compounds such as alcohols (In 
parbcular ethanoi); acids, such as citric acid. Haconio add. laotic acid, gluconic acid, lysine; 

m ImT* addS ' 38 9,Utamte 8Cid ' bUt ateo more compounds such as 

10 antibtohcs. such as penicillin. tetracycHn: enzymes; vitamins, such as riboflavin. B„ beta- 
carotene; hormones, such as insulin which are difficult to produce synthetically. Also' in the 
brewing (beer and wine industry), dairy, leather, tobacco industries fermentation processes are 



There are a large number of disclosures concerning production of fermentation products 
15 e.g. ethanoi. among which are WO2002Q3B7fl7A? 

There Is a need for further improvement of fermentation processes and for improved 
processes Including a fermentation step. Accordingly, the object of the invention is to provide 
an improved method of fermentation processes for producing e.g.. ethanoi 



20 SUMMARY OF THE INVENTION 

The present invention relates to an improved process of producing a fermentation 
product. In particular ethanoi. but also for Instance the products mentioned In toe -Background 

^rlTT'^T bBV ^ 9B ProdUCti0n ' SUch 39 beer * contemplated 

according to the invention . 

25 M « T„ IT"*" I"** ,n 3 ^ aSPBCl 8 meth0d 0f producin 9 a femrentation product, 
said method comprferng preliquefacfion of non-starch polysaccharides In the presence of a 
be^glucanase. followed by jet cooking and liquefaction In the presence of a thermostable 
beta-glucanase and a xytenase. 

^ J™**? a 88COnd aSp6Ct fe a mBtnod «* a fermentation product said 

TnT^rr r 6 !^ * P,DVfdln9 3 m " h °° mpris,n 8 a ^ ""^"9 
and water. (b> preying the mash of step (a) in the presence of a beta-g.ucanase: (c) 

getat.ns.ng the mash of step (b); (d) iiquefying the mash of step (c) in the presence of a alpha- 

7ZT,T» ! TTT* ^ 3 and <e> saccha ^ — fermenfing the mash 

Of step (d) to produce the fermentation product. 

Provided In a second aspect is a use of bete-glucanase and xytenase in a process for 
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producing ethanol. 

The application of thinning enzymes such as beta-glucanase and xytanase In the 
process of the invention degrades glucan and xy/an thereby reducing the viscosity of the 
mash. The reduced viscosity results In increased How rates of the liquefied mash, thereby 
Increasing the capacity of the production plants, especially by Improving heat transfer and 
facilitating passage of the liquefied mash through the mash coolers. Thus the process of the 
invention facilitates the use of higher dry matter percentage in the fermentation while still 
secunng an efficient cooling and a correct and, uniform temperature of the mash delivered to 
the fermentation tanks. 

10 The effect on the distillation process of the prior hydrolysis of norvstarch 

polysaccharides bice arabinoxylan and beta-gfucans Is an overall increased capacity and better 
heat transfer and phase transfer. 

The effect on the by-products, such as the distillers dry grain, of the prior hydrolysis of 
the non-starcb polysaccharides is an overall improved feed conversion and better digestibility 

15 of the nutrients like minerals, protein, lipids and starch. 



DETAILED DESCRIPTION OF THE INVENTION 

The process of the Invention may be used in the production of a large number of 
fermentation products comprising but not limited to alcohols (In particular ethanol); acids, such 
20 as citric acid, ftaconlc add. lactic add, gluconic add, lysine; ketones; amino acids, such as 
glutamic add. but also more complex compounds such as antibiotics, such as penicillin, 
tetracyclic enzymes; vitamins, such as riboflavin. B12, beta-carotene; hormones, such as 
fnsulm. Preferred Is drinkable ethanol as well as Industrial and fuel ethanol. 

25 Raw material 

Any suitable starch containing, material may be used as raw material in the process of the 
present Invention. In one embodiment, the starch containing material Is whole grain obtained 
from cereals, preferably selected from the list consisting of com (maize), wheat, barley, oat, 
nee, cassava, sorghum, rye. mllo. and millet. Furthermore the starch containing material may 
30 be obtained from potato, sweet potato, cassava, tapioca, sago, banana, sugar beet and/or 
sugar cane. Preferred for the process of the invention are cereals, such as wheat, barley oat 
especially barley, as well as malt derived from cereals, such as wheat, barley, oat, especially 
barley. 

* 

35 Process steps 

The main process steps of the present invention may In one embodiment be described 
as separated into the following main process stages: (a) mash formation; (b) preliquefactlon; 
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(c) Station; (d); Kquefection; and <e) saccharfflcaflon and fermentation, wherein the steps 
(a), (b), (c) and (d) is performed in the enter (a), (b), (c), (d) and (e). Step (e) may be 
performed as a s.mu.taneous saccnarificafion and fermentation (SSF) or as two separate sub 
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20 



M n H ^ ^ f PrM8SS St6pS 01 a,COh01 prodUCtton may be P erfo ™* batch wise or as a 
^ I^L T Pr0C6SSe3 aU * rocess «■*» am performed batch 

wise, or processes where all process steps are performed as a continuous flow, or processes 
where one or more process step(s, ls(are) performed batch wise and one or more process 
step(s> is(are) performed as a continuous flow, are equally preferred. 

The cascade process is an example of a process where one or more process step(s) 
is^re) performed as a continuous flow and as such preferred for the Invention. For further 
reformation on the cascade process and other ethanol processes consult The Alcohol 
Texfooofc Ethanol production by fermentation and distillation. Eds. T.P. Lyons. D.R. Kesall and 
J.E. Murtagh. Nottingham University Press 1995. 
15 MIBing 

In a preferred embodiment of the process of the Invention, the starch containing material 
*mll«ed cereals, preferably barley, and the method comprises a step of milling the cereals 
before step (a). In other words, the invention also encompasses processes of the invention 
whenem the starch containing material is obtainable by a process comprising milling of cereals' 
preferably dry milling. e.g. by hammer or roller mils. Grinding is also understood as milling, as 
is any process suitable for opening the Individual grains and exposing the endosperm for 
forther processing, Two processes of milling are normally used In alcohol production: wet and 
dry milling. The tenn "dry milling- denotes mining of the whole grain. In dry milling the whole 
kernel is milled and used in the remaining part of the process 

25 Mash formation 

ma JT^T ^ to Pr0VidBd by form,n9 a S,uny *• miHed starch containing 

matenal and brewing water. The brewing water may be heated to a suitable temperature prior 
to being combined with the mined starch containing material In order to achieve a mash 

30 T^IT ^ 1° ^ Preferab * * 53 10 1*' 0 ' m0re prefWab, y 0f 55 te ««*■ Ttiemash 
3U is typically formed in a tank known as the slurry tank. 

*" 80 " dS% < d * soBd P^tagei in the slurry tank (containing milled whole 
gram) Is In the range from 1-60%. in particular 10*0%. such as 2040ft, such as 2W5%. 



35 



Prqjquefgcflpn 



». J" 7 ^" q " efacUon ste P *• 5larcn staining material (front end mash) Is held In the 
presence of a thinning enzyme, such as a beta-glucanase or a xylanase, preferred are a beta- 
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55 to 60 C, sua, as 58X. Th, duration of tt» proOquafacton step b pmferahTaTso 
mlnutea. aad TOre praferabV 10 to so ntfautes. such « araund , 5 m „utel 

Getafingattop 

5 During the gelatinizatJon step the starch is gelatinized, preferably by Jet-cooWna at 

125 C. such as 120-C to complete gelatinizatlon of the starch. 
PHhe^nS^ 

10 efcvillT 9 ^ T^ 9 010 en2ymeS added 10 0,6 P^factlcn step will be subjected to 
elevated temperatures and may be fully or partjy ina c«vate d . ™ Us accertfng t0 ^ ™ 

nev.th.nnmg enzymesare preferably added following thejet cooking step. 

Liquefaction 

15 .hvJL*!. " <, " efaC l 0n SteP *• 9e,atinbed <d°wn stream mash) is broken down 

2221? . (deXWnS) - T ° acWeve Starch a surtable enzyme, 

preferably an alpha-amylase, is added. 

embo^f"^ lnVent, ° n 8 beta " 9,ucanase ™* " ^ase are added to the mash, m an 
embodtment further an endo-glucanase Is added. 

20 o^JT ^T^fT dUrfn9 me nouefe <«on"step is from 60-95-C. preferably 80-90*0. 
20 P^atHWK^ 

in one embodiment, the liquefaction In step (d) is performed at a P H In the range of about 
Z S r b «l 4 ^ 5 - 3 6mb0d '^ PH during the Lefactton 

25 1 : P ^ ^ b/ adJU8ted ° r not ' de P end,n 9 °" *• Parties of 

To ^ cTnh ^ emb ° dfment ^ PH ,S adJUSted ' •* about 1 * upwards! 

2^ / ' 09 * P " 18 adVanta ^y done at the time when the alpha^ 
amylase Is added. In yet another embodiment, the P H is not adjusted and the alpha-amyL 
has a corresponding suitable pH-actrvfly profile, such as being active at a P H about 4 

30 a^nCLZ T "T" * ** ** thinnin9 added to the 

30 gelatinized mash together with an alpha-amylase. 

Sacchariflcation and fenngnjatjorj 

The saccharticata atop and «ha femtontafa, ^p may * p8Iftl(nied 
bactorta may e.g. ha xWtoaaa speafea. auah aa Zw^onaa moh* ana e a* Examples 
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of flamentous fungi include strains of PnUKUm species. Preferred organisms for ethanol 

"T 5 ' SUCh 25 P,Ch ' a ° r Preferred yeast according to the 

mventon is Saccharomyces species, in particular Saccharowyces cerevfcfee or bakers yeast 
The yeast cells may be added in amounts of 10 s to 10'*. preferably from 10' to 10" 
5 especially 5x10' viable yeast count per ml of fermentation broth. During the ethanol producing 
Phase the yeast cell count should preferably be In the range from 1<f to 10" especially 
around2 x 10 . Further guidance In respect of using yeast for fermentation can be found In 
eg.. -The alcohol Textbook" (Editors K. Jacques, TP. Lyons and D^KeisaH. Nottingham 
University Press, United Kingdom 1999). which is hereby incorporated by reference 

The microorganism used for the fermentation Is added to the mash and the fermentation 
is ongoing until the desired amount of fermentation product is produced; in a preferred 
embedment wherein the fermentation product is ethanol to be recovered this may. e.g be for 
24-98 hours, such as 35-60 hours. The temperature and pH during fermentation is at a 
temperature and pH suitable for the microorganism in question and with regard to the intended 
use of the fermentation product, such as. e.g.. in an embodiment wherein the fermenting 
organism is yeast and the product is ethanol for recovery the preferred temperature is In the 
range about 26-34'C. e.g. about 32*C, and at a pH e.g. m the range about pH 3*. e.g. about 
pH4-5. 

In another embodiment wherein the fermenting organism is yeast, and the fermented 
mash is to be used as a beer, the temperature of the mash the preferred temperature is 
around 12-16 C C, such around 14»Q. 

In a preferred embodiment, a simultaneous saccharificatfon and fermentation (SSF) 
process is employed where there is no holding stage for the saccharificatfon. meaning that 
yeast and saccharification enzyme is added essentially together. In one embodiment, when 
dorng SSF a pre^accharification step at a temperature above 50°C Is introduced just prior to 
the fermentation. 

Distillation 

The method of the invention may further comprise recovering of foe fermentation 
product, ue. ethanol; hence the alcohol may be separated from the fermented material and 
30 purified. 

Thus, in one embodiment, the method of the invention further comprises the step of- (f) 
distillation to obtain the ethanol. P W 
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Bv-oroduct s from dlati|f ftt?*n. 

The aqueous by-product (Whole Stlllage) from the distillation process Is separated into 
two fractions, for Instance by centrifugation: 1) Wet Grain (solid phase), and 2) Thin Stillage 
(supernatant). a 
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The Wet Grain fraction is dried, typically in a drum dryer. The dried product Is referred to 
as "Distillers Dried Grain 0 , and can be used as animal feed. 

The Thin Sfiflage fraction may he evaporated providing two fractions: - condensate 
fractton of 4-6% dry solids (mainly of starch, proteins, and cell wall components), and - syrup 
5 fraction, mainly consisting of limit dextrins and non fermentable sugars, which may be 
introduced Into a dryer together with the Wet Grain (from the Whole Stfllage separation step) to 
provide a product referred to as "Distillers Dried Grain*, which can be used as animal feed. 

•Whole Stfllage- Is the term used In the art for the side-product coming from the 
distillation of fermented mash. 

10 Thin Stiltege' is the term used In the art for the supernatant of the centrifugatlon of the 

Whole StJIIage. Typically, the Thin Stfllage contains 4-6% dry solids (mainly starch and 
proteins) and has a temperature of about 60-S0°C. Thin Stfllage is viscous and difficult to 
handle. Thin Stfllage is normally kept in a holding tank for up to a few hours before recycling to 
the slurry tank. The stiHage may be thinned with suitable enzymes, such as beta-glucanase 

15 and xylanase. before recycling. 

Further details on how to cany out liquefaction, saccharlflcation, fermentation, distillation, 
and recovering of ethanol are well known to the skilled person. 

Uge of the products produced h v the methnri eg the invanHnn 

In embodiments wherein the fermentation product Is ethanol. the ethanol obtained by the 
20 process of the Invention may be recovered from the fermented mash and used as. e.g„ fuel 
ethanol; drinking ethanol. I.e.. potable neutral spirits, or Industrial ethanol, including fuel 
additive. 

In embodiments wherein the fermentation product Is ethanol, and the ethanol obtained by 
the process of the invention Is not recovered from the fermented mash the mash comprising 
25 the ethanol may be used as a beer. The beer may be any beer including ales, strong ales, 
bitters, stouts, porters, lagers, export beers, malt liquors, barley wine, happoushu. high-alcohol 
beer, low-alcohol beer, low-calorie beer and light beer. 

In embodiments wherein the fermentation product Is not ethanol the product may be Used 
for any suitable purpose. 



30 



Enzyme activities 



Bete-olucana se fE.C. 3.2.1 ^ 

The beta-glucanase may be of microbial origin, such as derivable from a strain of a 
bacteria (e.g. Bacillus) or from a filamentous fungus (e.g„ Aspergillus, Trichomona, Humicofa, 
35 Fusarium). 

A beta-glucanases to be used In the processes of the invention may be an endo- 
glucanase, such as an endo-f Abete^hicanase. Commercially available beta^lucanase 

6 
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preparations which" may be used Include CELLUCLAST®. CHJLUZYME®, CEREFLO® and 
ULTRAFLO® (available from Novozymes A/S). GC 880. LAMINEX™ and SPEZYME® CP 
{available from Genencor Int) and ROHAMENT® 7069 W (available from Rohm, Germany) 
Preferred is CEREFLO®. 

5 Beta-glucanasea may be added In the praliquefaction step (front end mash) In the 

amounts of 0.01-50Q0 BGU/kg dry solids, preferably In the amounts of 0.1.500 BGU/kg dry 
solids, and most preferably from 1-30 BGU/kg dry solids and in the liquefaction step (down 
etraam mash) In the amounts of 1.0-5000 BGU/kg dry solids, and most preferably from 10-500 
BGU/kg dry soDds. 

10 Xylanase (EC 3.2.1.8 and ntt,» r Xvl EC>«91 

The process of the Invention is carried out In the presence of an effective amount of a 
suitable xylanase which may be derived from a variety of organisms, including fungal and 
bacterial organisms, such as Aspergillus, Dispontrichum, Penlciiiium, Weurospore, Fusarium 
and Trichoderma. 

15 Examples of suitable xylanases include xylanases derived from H. tnsotens (WO 

02/17573; Aspergillus tublgensis (WO 92/01793): A niger (Shel et at. 1985. Biotech, and 
Bloeng. Vol. XXVU. pp. 533-538. and Foumier et aJ.. 1985. Bio-tech. Bloeng. Vol. XXVII. pp. 
539-546; WO 91/19782 and EP 463 706); A. acu/eefus (WO 94/21786). 

In a specific embodiment the xylanase having Is Xylanase II disclosed in WO 84/21785 
20 Contemplated commercially available compositions comprising xylanase Include 
SHEARZYME® 200L. SHEARZYME® 500!., BIOFEED WHEAT®, and PULPZYME™ HC 
(from Novozymes) and GC 880. SPEZYME® CP (from Genencor Int). 

Xylanases may be added in the In the liquefaction step (down stream mash) in the 
amounts of 1.O-1000 FXU/kg dry solids, preferably from 5-500 FXU/kg dry solids, preferably 
from 5-100 FXU/kg dry solids and most preferably from 10-100 FXU/kg dry solids. 
AlDha-amvlasaf P c, p^j 

Preferred alpha-amylases are of fungal or bacterial origin. 

Bacillus alpha-amylases (often referred to as "TermamyHike alpha-amylases") 
variant and hybrids thereof, are preferred according to the invention. Well-known Termamy^ 
like alpha-amylases Include alpha-amylase derived from a strain of 0. Ilchenifomls 
(commercially available as Termamyl™), ft amylotiquetectens, and ft steervthermophilus 
alpha-amylase. A suitable bacterial alpha-amylase may be the alpha-amylase derived from B 
sieamthermophilus and having the amino acid sequence disclosed as SEO.NO* in 
W099/19467]. 

A suitable fungal alpha-amylases may be derived from Aspergillus, such as an acid 
fungal alpha-amylase derived from Aspergillus niger. 

Commercial alpha-amylase products and products containing alpha-amylases Include 

7 
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TERMAMYL- SC, FUNGAMYL™, LIQUOZYME™ SC and SAN™ SUPER. (Novozymes A/S. 
DenmarR) and DEX-LO- 8PEZYME™ AA. and SPEZVME™ DELTA J^TEiJ 

5 1 0 J£E T*TTT* b8 ad<led 10 ^ flqUefactl0n < d > *» a " of 0.001, 

I^sl 8 ^ ^ *V ~* P« 0.0^1 

skiBedlnlT^^ 65 ^ 60 add8d fn 8ffeCtiVe amounts X™" to the person 

10 Bfellgggpjg amyfaco 

The afph-amylase may bo a maltogenic afpha^mylase. Myogenic amylases (glucan 1.4- 
a?pha^tohy*ofase. E.C. 3.2.1.133) are able to hydroiyse amylase and amyfopectin to maltose 
-n the alpha-contlgurafloa Furthermore, a maltogenic amylase is able to hydroiyse maltotrfose as 
wen as cyctodextrin. A specifically contemplated maltogenic amylase includes the one disclosed 

UL"*t ^ 120,693 ^ ^ 680/7/08 s^ewopMus C599. A commercial 
available maitogentc amylase is MALTOGENASE™ from Novoymes A/S 

G/ucoamv»asM 

20 ^« ™L? 0ChaHn ! afiOn * eP ° r ^ sf,nuJtenB0U8 Baccharfflcaticn and fermentation step 
20 (SSF) may be earned out in the presence of a glucoamylase. The glucoamylase may be of any 

ortg n e g. derived from a microorganism or a plant Preferred is glucoamylase of fungal or 

bacteria, ongin selected from the group consisting of Aspens nigor glucoamylase. in 
" ,9 * r ™ or 62 9'u»amylase (Boel et al. (1884), EMBO J. 3 (5). p. 1097-HO2), or 

vanants toereof. such as disclosed in WO 92/00381 and WO 00/04136; the A Qwamo n 
25 gtucoamylase (WO 84/02921), A cysae (Agrlc. Biol. Chen, (1991). 55 (4). p. 941.^ 

vanants or fragments thereof. ' 

G , u ^rr dal Pr0dUCfe inCJUdB SUPER ™ and AMGn. E (from Novo^mes A/S). 

Gtocoamylases may in an embodiment be added In the sacchartfication and fermentation step 

30 *GuZ™Z ° 02 ' 2 AGU/9 ^ S ° lidS> °" « sucn as 0.2 P 

Ptatsase 

steo 01 ITm rST? ^ MCCharificafion ste * SSF step and/or the fermentation 

35 th! vZ ! 8 " (Fre9 am,n ° nHrogen) ,eVeJ and ' nCrtJa5 * rate of metabolism of 
35 the yeast and may Increase the fermentation efficiency. 

p« JL U h 9b,e f PTOteases inc,ude such as fungal and bacterial proteases. 

Preferred proteases are acidic proteases. i.e.. proteases characterized by the ability to 

8 



9 



4. APR. 2003 14:30 KOVOZVMES PATENTS BO. 2315 P 10~ 

10&H.OOO-OK 

hydrolyze proteins under addic conditions below pH 7. 

Suitable add fungal proteases Include fungal proteases derived from Astxrailtus Mucor 

Towtopsk, Especially contemplated are proteases derived from Aspergillus nlaer (TeTTo 

^°^Qw^4^^fl^^W3^teDa^ ^ S J** r ^ us awan, Qri (HayasWda et ah, (?977)^rfa 
' I ; 42(5> ' 927 - 933 ' 4spe/ » ff/MS ««/teaft/s (WO 95/02044), or Aspergillus oiyaae such 
At ac^iT* 31,(1 *** pfoteases Mucor pustllus or Mucor^LheL 
ALCALASE™. Is a Saoff/us fehen/fomtfe protease (subtilisin Carisberg). ALCALASE™ 

orL aCC °l 9 f T &WenH ° n be — te ^nts of loCioCmTcle 

protease p*tem/g dry solids, in particular 10- to 10- gram active protease proteln/g 

pT^,^" 0 0001 AU/9 dryS ° ,i,te ' 0.00025-0.001 AU,g dry sonde 

fmm a^ (aVa " ab,e *™ A/ S ) is a protease preparation derived 

15 aZ-T^J"!^ FLAV0URZYMEW accor ^ to tne Invention preferably be 
15 ^inamounteofO.Ol.1.0LAPU/gdorsollds.prefe ra b.yO^^ 

A surteble dosage of the protease Is in the range In an amount of 1 fr'to 10« gram active 
protease p,otefn/g dry solids, fn particular 1 0- tolO-gmmac^eprnteaseprnteln/g drysoSds 
Phytasgi 

20 nte JTn ST* USed „ aCCordin9 to * 8 ™* *■ any enzyme capabte of effecting the 

SrSr 0 ^ *" ^ ^-^) - - any 

nr^lT,?^ 96 ^ fe *• f ™ 0-005-26 FVT/g dry solids. 

preferablyO.01-10 FYT/g. suchasO.1-1 FYT/g dry solids 



MATERIALS AND METHODS 



Methods 

Determination yytanase arth/Hyflrip p 

^^^^^^^ 

Bryant Blue R, Ruka), pH 6.0. The incubation b performed at 50'C for 30 mln The 
background of non<tegraded dyed substrate Is predated by ethanol. The remaWng blue 
colour tethesupernatant is determined spectrcfhoteme^^ 

35 ::zz:it^ Tbe endoxy,anase — * — 

The assay fe further described in the publication AF 293.6/1-GB. availabie upon request 
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from Novo Nordisk A/S, Denmark. 
fiPtemiinatton of B^i,,^,,^ fRft , 
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Tne cellulytic actMly may be maasu^n u , 

Beta^fucanase reacts with beL,u«n to fel , b8ta ^ ucanase (BGU). 

determined as reducing suoT^ J° ' " which is 

(BGU) is the amount of e^l£ method. 1 beta^ucanase ^ 

Standard co^^ ZJ™™" «"*"'«* to 1 P™- «»* per minute. 

• of 30 minute. A <te2d EiSSSET S rT a,B 31 PH 75 « •* ■ —*« mm 
on mgues, Bom r*Cl^ °" aM " : " mett, ° d <"»*»«"»»01> - ovate,. 

DMamjaaia nf B.t M * ffm nf| frr| , n 

OneEGUtettof^^ ^ e ° )l """"^ at WC for 30 minute. 

BWnH.^^:'™"^ Mmpte oo adjusted te pral d. 

0.01-0.02 

^ 17,8 standard Is defined as 880 EGl//g. 

fiatermfnaffon of ansgaayi ag g acthnty r ^ 

Mannheta. ,24036 ^TSZl k ?*"" G0 °- Perid « r ™ 

mlcroL enzyme «m " " 5 "* ute ° - * 

adding ,00 mlcroL 0.25 M NaOH 2^,tT ?* reM " 0n " Stop,,e,, , * r 10 * 
"*roL SOD-Perld soMon ^ Tt ? ^ * ' * mtoo " ,re ""am and 200 

mom ^ r urr-^z tsz rr ^ 30 - 

AGU/ml torn the AMG-slandard A deMeLTT . me aah * f orated in 

"^M^reJfZ^Zl """"^ ***** ^ (*EL-SM- 

p °^'' w """"'* l ° h '-"TfHn-ff'-iti iirtiii) " 

H- amy^Wc «^ may 'be defom*,ed ^ pete, 5tereh „ ^ ^ 
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11^, ^ SamPlBS * th8 starcW *^* with an iodine solution. Mhfe a 

bfaek,sh-blue color is formed, but during the breakdown of the starch the b!ue color gets 

One Wlo Novo alpha amylase Unit (KNU) Is defined as the amount of enzyme which, 

lTl art C ° nditi0nS <le ' 8t 37 "° **' 0051 00003 M and P" 5-6) dextrinizes 5260 
mg starch dry substance Merck Amylum solubile. 
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A folder fiftOMMttlfflm describing this analytical method in more detail is available 
upon request to Novozymes A/S. Denmark, which folder is hereby included by reference. 
Determin ation of Protease fl_APU) 

1 Leucine Amino Peptidase Unit (LAPU) is the amount of enzyme which decomposes 1 
rmcroM substrate per minute at the following conditions: 26 mM of Ueucine^nitroanilide as 
substrate, 0.1 M Tris buffer <pH 8.0). 40»C, 10 minutes reaction time. 



Enzymes used in the examples: 

|A composition comprising beta-glucanase derived from Aspergillus amylollqueteclenv. 
1200B(3U/gj 

J A composition comprising Xylanase II disclosed in WO 94/21785 which is an endo 1-4 
beta xylanase, derived mam Aspergillus aculeatus; 521 FXU/g£ 

A composition comprising xylanase. beta-glucanase and endc-glueanase activity 
derived from Trichodema reeseB; 700 EGU/g, 50 FXU/g and 60 BGU. 

A compositfon available from Genencor int as GC 880 "an engineered cellulase 
complex- comprising at feast beta-glucanase and xylanase activity; 59 BGU/g and 222FXU/g 



F ™ end slurry was prepared using 30^m^ 
flasks. P H was adjusted to 5.2 and the mash heated from room temperature (25"C) to 54*0'C 
30 m a temperature controlled water bath. ? 

Different enzyme combinations ware tested in dosages according to table 1 The 
viscosity was measured using a Haake Viscotester VT-02. 
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/Tabtelj Enzymes used in example 1, enzyme activity units per kn <to„r dry solids 

" B x ^ ,uca r 6 <* ^ 

Xylanase il (A Acuteatus) 0 
Beta-glucanase (a amy/o£^uefecfe»s; n 432 



0 



Beta-gtucanase <S. amy/ofique/ac/ensj 21 348 *n 

Xylanase I! (A Acuteatus) 30 
Endo-glucanase (r. reesei) . 

GC880 «5enencnrlnq ■ 8Q 

•ta^ Not analysed ~ — 



21 n,a. 



Beta-g/ucanase (s. amytoliquefaclens) 
Xylanase if (A Aculeatus) 


13 min 
10 


26 min 
8 


38 min 
7 


60 min 
8 


t 

Beta-glucanase (a amyloiiquefaciens) 


11 


13 


15 


13 


Beta-glucanase (a amyfoffquefecfensJ 
Xylanase II (fi. Aculeatus) 
Endo-glucanase (Trichoderma rsesei) 


11 


8 


7 


8 


GC880rGeneneorlnt> 


17 


15 


15 


14 



The combinations of bataglucanase + xylanase II and betaglucanase + xylanase II + 
endo-glucanase resulted In a higher viscosity reduction that the product GC 880 or beta- 
glucanase alone. 

Examples 

Downstream viscosity reduction using the above mentioned non-starch degrading 
enzymes was tested in a slurry liquefied with bacterial alpha^amylase. The 28% dry solids 
slurry was DE 16 and pH:5.0. The slurry was portioned to 1 litre flasks and maintained at 84'C 
3 ^TT 9 C ° ntro " ed Watef bath " Dlfferent enzyme oombhrtow were tested In dosages 

15 J^ZVT * ^ WaS m8aSUred 88 a funct,on of «** * Haake 
1 5 vlscotester VT-02,. see table 4. 

The wmblnations of betaglucanase + xylanase II * endo^lucanase worked more 
effecbvely that the product GC 880 or bela-glucanase alone or xylanase II + endo-glucanase. 

20 
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_Tabte 3. Enzymes used [n example 2. enzyma activity units per kg flour dry solids 
' ^^^■^oj^s^ S lf a 



Xytanase II (A Acuieatus) 

Beta^Iucanase (ft amyiotfquefaciens) 35 292 

Xylanase II (Asp. Acuieatus) 
Endo-glucanase (T^rvesm) 

Xylanase II (A Acuieatus) 87 9 

Endo-glucanase (T.reesei) 

GC 880 fGenencor) ©7 18 

aa.:Notaita&B«f ~~ ~ 



42 



105 



n.a. 



Table 4. Viscosity reduction during liquefaction at 84°C with different viscosity reducing 
enzymes after 4 minutes and after 10 minu tes 

-=-r — : ~- - 4 min 10 mln 

Beta-glucanase (a amyfofiquefaclens) 9 95 

Xylanase II (Asp. Acuieatus) 
Endo-glucanase (Trichoderma reesei) 

Beta-glucanase (a amyfoffguefecfensj 11 iq 

Xylanase II (Asp. Acuieatus) 

Xylanase II (Asp. Acuieatus) n 10 

Endo-glucanase {Trichoderma reesei) 

GC 880 (Genencor) 1 3 13 
Blank (No extra enzyme) 23 23 
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Claims 

1. A method of producing a fermentation product, said method comprising prellquefedlon 
of non-starch polysaccharides In the presence of a beta-glucanase. followed by jet 
cooking and liquefaction In the presence of a thermostable beta-glucanase end a 
xylanase. ' 



5 
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3. 
4. 



2. A method of producing a fermentation product, said method comprising the steps of: 
a. providing a mash comprising a starch containing material and water; 
10 b ' Prellquefying the mash of step (a) in the presence of a beta-glucanase; 

6. gelatinizing the mash of step (b); 

d. liquefying the mash of step (c) In the presence of an alpha-amytase. a beta- 
glucanase and a xylanase; and 

e. saccharifying and fermenting the mash of step (d) to produce the fermentation 
15 product. 

The method of any of the preceding claims, further comprising a pre-saccharification 
step which is performed after the liquefaction step (d) and before step (e). 

The method of any of the preceding claims, further comprising recovery of the 
fermentation product. 

6. The method of any of the preceding claims, wherein the fermentation product Is; 
alcohols On particular ethanol); acids, such as citric acid, itaconic add, lactic add. 
gluconic add. lysine; ketones; amino acids, such as glutamic acid; antibiotics, such as 
penicillin, tetracyclin: enzymes; vitamins, such as riboflavin, B«. bete-oarotene; 
hormones, such as Insulin. 

6. The method of any of the preceding daims. wherein the xylanase is derived from a 
strain of Aspergillus sp.. preferably from a strain of A. Aculeatus. 

7. The method of any of the preceding daims. wherein the beta-glucanase is derived from 
a strain of Bacillus sp.. preferably from a strain of B. amyloliquafaciens. 

8. The method of any of the preceding daims. wherein also a endo-glucanase is present 
In the liquefaction step (d). said endo-glucanase preferably derived from a strain of 
Trichoderma sp., preferably from a strain of T.rees9l. 

9. The method of any of the preceding daims, wherein the starch containing material is 
obtained from cereals and/or tubers. 

10. The method of any of the preceding daims. wherein the starch containing material is 

14 
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selected from the groups consisting of maize, wheat, barley, rye. millet, sorghum, and 
mfio. 

11. The method of any of the preceding claims, wherein the starch containing material is 
selected from the groups consisting of potato, sweet potato, cassava, tapioca, sago, 

S banana, sugar beet and sugar cane. 

12. The method of any of the preceding claims wherein the fermentation in step (e) is 
performed using a micro-organism, such as bacteria and fungi (including yeasts), e.g. 
Zymomanas species and Sacharomyces spades, such as e.g. Stoxhammyces 
cerevia/ae. 

10 13. The method of any of the preceding claims, wherein the fermentation is carried out In 
the presence of phytase and/or protease. 

14. The method of any of the preceding claims, wherein preliquefaction in step (b) Is 
performed at temperature of 43 to 70°C, more preferably to 63 to 66 e C, most preferably 
to 55 to 60*C, such as 58 8 C for a period of 5 to 60 minutes, and more preferably 10 to 

1 5 30 minutes, such as around 15 minutes. 

15. The method of any of the preceding claims, wherein the liquefaction In step (d) is 
performed at 60-80 a C for 10-120 mln. preferably at 83-85 °C for 15-80 min. 

16. A use of a thermostable beta-glucanase and a xylanase in a liquefaction step in a 
process for production of ethanof. 

20 17. Use according to the preceding claim, wherein the starch-containing raw material used 
in the process for production of the ethanol, is as defined in any of claims 64. 

18. Use according to the preceding claim, wherein the ethanol is to be used as a potable 
alcohol, a fuel alcohol and/or a fuel additive. 
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